The vigour and growth of seedlings of CRIC60 cultivar of coconut were studied in different irrigation treatments during the drought period, in a sandy soil in the dry zone. Nine irrigation treatments including a control with no watering were tested. Larger number of casualties were observed in the control while none in the irrigated plots. The best irrigation treatments in order of response were 40 litres applied twice a week, two earthenware pots buried on either side of the seedlings and filling them twice a week (27 litres per week) and 20 litres applied twice a week. However, the relative efficiency between 40 litres and 20 litres suggest that application of 20 litres twice a week could be preferred considering the savings on cost and the use of water. If finances are not limiting burying of two earthenware pots on either side of the plant and filling twice a week could be preferred.
INTRODUCTION
The coconut palm requires adequate and continuous supply of soil moisture for its proper growth and productivity. Soil moisture very often is the limiting factor in growth in areas subjected to long dry spells or where rainfall is low and poorly distributed. In the dry zone of Sri Lanka, March to September is the dry period. Inadequate soil moisture in these areas is the major constraint in the establishment of seedlings. Thus in the absence of rain, the newly transplanted seedlings need water regularly, until they are established. Further, it is necessary to continue irrigation during the dry months for the first two or three years, depending on the environmental conditions (Menon and Pandalai, 19S8) .
In the absence of irrigation, the newly planted seedlings are subjected to severe moisture stress during dry months resulting in a setback in growth and a high field mortality in the dry zone. Thus it became necessary to study the requirement of water and frequency of application when the seedlings are planted in a dry zone. A field experiment was conducted in the Eastern Province of Sri Lanka to study the establishment and early growth of coconut seedlings under different irrigation treatments.
Data available on the amount of water required by' coconut seedlings during dry months are limited. Therefore the irrigation treatments identified here were based on observations of Copeland (1921) and Nelliat (1968) . On an argumentative extension of the work of Copeland, Nelliat suggested application of 11.25 1 of water per day to young palms. The treatments in this study are based on this work.
Experimental area:
This study was conducted in the dry zone at the Research and Demonstration Farm of the Coconut Research Institute at Kalkudah in the Eastern Province of Sri Lanka. The site of the experiment was about 50 m from the sea coast.
Great soil group prevailing in the area is Regosols. Texture is sandy and the mechanical composition is 93.5%, sand, 2.0%, silt and 4.5% clay. The soil has a loose consistence and a very rapid infiltration and drainage.
Climate:
The mean monthly meteorological data for the station during the trial period are given in Tables 1 to 3 . Table 2 . Mean Sunshine hours (h) Month 1981 Month 1982 Month 1983 Month 1984 Nine-month old coconut seedlings (Var.CRIC 60) were used as the planting material. Five hundred and seventy six seedlings were planted on 27 October, 1982, in pits of size 0.7S M^, filled with two layers of husk, mixture of top soil and three baskets of cowdung, and spaced at 7.2 x 7.2m (24'x24'). A randomized block design with three replicates for each treatment was used. Each plot consisted of 12 plants.
4.Irrigation:
The following nine treatments were used, Tj -Control, no irrigation. T2 -Two earthenware pots buried on either side of the seedlings. Pots were filled twice a week.
T3
-20 litres applied once a week.
T4
-20 litres applied twice a week.
T5
-20 litres applied once in two weeks.
Tg -40 litres applied once a week.
T7
-40 litres applied twice a week.
Tg -40 litres applied once in two weeks.
T9
-60 litres applied once in two weeks.
In treatment 2, two earthenware pots of capacity 7.5 1. and made of clay-sand mixture were buried on either side of the seedling at a distance of 30 cm from the seedling. The quantity of water used per week was about 27 1.
The experiment was conducted for a period of 30 months from 27 October, 1982. Watering was done during the dry periods, March to September. The water was applied around the seedling at a radius of lm from the bole of the seedling.
S. Parameters:
Growth characters, viz. the number of leaves, height of the seedling, girth at the collar, width of the crown, were recorded at six-monthly intervals. The total leaf area of the third leaf was measured at the end of the 30th month as this leaf could be used as a representative leaf to determine growth Satheesan et al (1983) and Mathes et al. (1989) . The vigour of the palm, patterned after Child (1974) , was estimated using
Where C is circumference at the base, H is height of the seedling and L is width of the crown.
Height of the palm was measured from the ground level to the tip of the highest leaf when collected together. Width of the crown is defined as the furthest distance between the tip of two leaves in normal position.
RESULTS
Data on growth characters were subjected to analysis of variance.
Influence of irrigation on height:
The results and the analysis are given in Table 4 . The analysis of variance showed no significant response to irrigation during the first year of planting as seen from the results at six and 12 months after planting. Some height increase was observed during the second 6 monthly period, though there was no significant difference between the treatments. However the response to irrigation was considerably high, thereafter. The analysis of variance for heights at 18, 24 and 30th month showed significant response between the treatments. The increase in height at 18 months for the treatments T2, T4 and T7 outweighed the increase observed in the rest of the treatments and this difference was maintained throughout.
At the end of the 30th month, the treatments Tj, T4 and T7 showed height increase of 60%, 42% and 65% over the control, respectively. The lowest height gain was observed in treatment T5.
Influence of irrigation on girth:
Significant difference in girth of seedlings was observed at 12 month with the control showing the least girth. The response to treatments T2, T4 and T7 was marked, and the pattern was similar to the one observed in the increase in height. At the end of 30th month % increase observed in these treatments over the control was 76.6, 60.9 and 97.9 respectively. The lowest girth recorded was for the treatment T5 which was only 7.3% over the control. 
Influence of irrigation on leaf production.
The mean number of leaves in the different treatments is given in Table 6 . As for the height no significant response was indicated between the treatments during the first year after planting. However, a rapid increase in the number of leaves per plant in some treatments was observed thereafter. As in the earlier parameters, the treatments T2,T4 and T7 showed marked increases in leaf production, as in the case of girth and height. The % increase over the control for these three treatments were 71.9, 54.7 , 78.1 respectively. 
Influence of irrigation on crown size.
The mean crown size for different irrigation treatments are given in Table 7 . Variance analysis showed significant response to the treatments from the 18th month onwards. Treatment T7 gave the highest crown width upto the 30th month while T2 and T4 gave the second and third highest crown widths.
At 30th month the % increase over the control for the treatments T2, T4 and T7 were 84.3 , 63.7 and 104.8 respectively. T5 showed, the lowest increase of 15.0 % 
Influence of irrigation on the vigour of the palm.
As described elsewhere the vigour of the palm was evaluated using the function
The vigour thus evaluated was weighted so as to yield a value of 100 for the control and rest of the values for the other treatments adjusted accordingly.
The average values obtained for the respective treatments are shown in Table 8 .
Vigorous growth was observed in all treatments, from 12th month onwards. Most vigorous growth was observed in T7, followed by T2 and T4. The lowest response was seen in T5. 6. Influence of irrigation on leaflet production and total leaf area of the 3rd leaf.
The leaf area of a leaflet was calculated by measuring the length and the breadth at the broadest position and using the function developed by Mathes et al. (1989) . Since the evaluation of leaf area was very tedious and time-consuming the recording was done only at the end of the 30th month and only for the 3rd leaf. The 3rd leaf was counted from the unfold leaf taken as number 1.
The mean number of leaflets and the average total leaf area on the 3rd leaf are shown in Table 9 . Variance analysis showed highly significant difference between the treatments for these two characters. As for all the previous characters discussed, the number of leaflets and the leaf area were higher in treatments T2, T4 and T7. This is a clear indication the influence of irrigation on the growth of the palm.
Leaf area per leaflet (Table 9 ) for all the irrigation treatments was more than 200% that of the control.
DISCUSSION
The main objective of this trial was to highlight the effect of irrigation on the performance of coconut seedlings, and to ascertain the best dosage and frequency of irrigation in sandy soil of the dry zone.
At the commencement it was the intention to conduct this trial until bearing. However, due to reasons beyond our control the experiment had to be abandoned at the end of the 3rd year; nevertheless the data available were more than adequate to establish the main objective of this trial.
The results showed that the coconut seedlings respond well to irrigation. Although no seedlings died in the irrigated plots, 48% of the seedlings died in the non-irrigated plots. The results show the need for supplementary irrigation during establishment of seedlings. Also in non-irrigated plots, the seedlings which survived showed retarded growth, further suggesting the need for irrigation, particularly during dry periods in order to achieve satisfactory growth. The mortality rate in a dry zone could be as high as 70% (Perera et al. 1986 ). The comparatively low casualty rate (48%) observed in this experiment may be due to the scattered showers experienced during the trial period and the high water table in the area.
As could be expected, the seedlings showed very slow growth during the first year of planting. Except for the girth, other characters did not show significant difference between the applied treatments. Growth in all irrigation treatments was better than the control, although statistical significance could not be established.
Interestingly, the first response of fast growth and establishing a significant difference was shown for the girth. However, after the first year of planting all the characters showed marked response to irrigation treatments. The lowest response was shown to the application of 20 1 once in two weeks, thus clearly establishing the need for higher dosage for a satisfactory growth. The rest of the treatments showed satisfactory response to all the characters recorded.
The three treatments (in order of performance) viz.40 1 applied twice a week, two earthenware pots buried either side of the plant and 20 1 applied twice a week, gave better performance than the rest of the treatments. On a reasonable extension of the finding of Copeland (1921) , Nelliat (1968) had suggested the water requirement by a young palm as 11.25 litres per day. In our trial, the best treatment appear to be the application of 40 1 of water twice a week. The response to treatments T\, T2, T4, T7 on height, girth, No. of leaves and crown width over the period are shown in fig.(l) , (2), (3) and (4) Although application of 40 1 twice a week gave the best response the difference between that and the performance of 20 1 applied twice a week was not large. This is indicative when ratio of performance of 20 1 twice a week to 40 1 twice a week was compared for height, girth, number of leaves, crown, width, vigour and leaf area at the end of 30th month, namely, 1:1.16; 1:1.23; 1:1.15; 1:1.25; 1:1.28; 1:1.25 respectively.
Water is generally scarce in the dry zone and more so during the drier periods. Considering these constraints, application of 20 1 of water twice a week is suggested instead of application of 40 1 twice a week. If earthenware pots are to be used, an initial high cost of outlay has to be incurred. However, if finances are available then burying of two pots either side could be suggested in preference to 20 1 or 40 1 applied twice a week, for the reason that the water requirement is about 27 litres per week whereby saving considerable amount of water. Further the growth performance is little different to 40 1 application. Thus in conclusion, irrigation with 20 1 applied twice a week or two eathenware pots buried on either side of the plant and filling them twice a week would result in quick and vigorous growth of the young seedlings. Plates 1,2,3 and 4 show the difference in growth and vigour for the four treatments; control, two earthenware pots buried either side of the palm, 20 1 applied twice a week and 40 1 applied twice a week at the end of the experimental period.
